
RELATION BETWEEN m A U  AND BUN-OFP W =LE- 
BBdlqD GLEN, NUUANU VALLEY, OAHU, E A W m .  

By ROGER C. RICE, Aaeistsnt Engineer. 

(n. 8. oeOkgk?al Sarvey, Ho&luIu, Hawaii, Feb. 14,1911.1 

Little information is available concerning the relation 
between rainfall and run-off in the narrow, precipitous 
valleys in the Hawaiian Islands, and especially those 
in vicinity of Honolulu, that are being utilized more 
and more as sources of municipal water suppl 
The records collected in the islands by &e United 

States Weather Bureau and the United States Geological 
Surve d o r d  invaluable eneral information concerning 

of run-off to establish factors adaptable to specific 
localities. 
The practice of trying to solve Hawaiian Island 

problems by means of run-off factors derived from 
observations on the mainland at  points M e r i n g  greatly 
in climatic, geologic, and topographic features eves at 

unsatisfactory results. Local invesh ations 

p t  value in making storage estimates for future floods. 
The information here presented was obtained by the 

water commission of the Territor of Hawaii in an 
intensive investigation of the r& and stream flow 
in Hillebrand Glen, Nuuanu Valley, Oahu, from May to 
Decsmber, 1916. At the expiration of the term of the 
commission,. December 31, 1916, the work was continued 
by the Tmtorial  Division of Hydrography, cooperating 
with the United States Geological Surve . 
Honolulu com risea four stor e reservoirs-des 

M u ,  approximately at  elevations 400, 700, 800, and 
1,000 feet, respectively, above sealevel (fig. 1). Reser- 
voir No. 4 is the 1 est and the only one of the group 

rainfat, but have seldom f een coordinated with records 

of best the tion between rainfall and run-off shoul i be of 

A unit of the municipal water supp T y of the city of 

as reservoirs gos. 1, 2, 3, an 5 4-in Nuuanu %!ti 
fihat has never been 7! lled to capacity. 

lying %" etween the western 

rainfall p . 4). In ordinary dry weat fl er the stream 18 

Hillebrand Glen is 
Vshs d valley less 

a southern spur from 
weetern slope of Nuuanu Valley above reservoir No. 2 

%a0 le Stream, in Hillebrand Glen, is formed from 
mveral s m d  intermittent tributaries that cascade down 
the stee sides of. the valley during eriods of heavy 

exceeding ? y small, usually flowing from 25,000 to 30,090 
gallons per day (0.04 to 0.05 second-foot). 
The socalled 'I Hillebrand Glen project " of the city of 

Honolulu is a scheme to utilize the storm waters of 
Maole Stream for storage in reservoir No. 4 by con- 
structing a diverting dam, tunnel, and lined open ditch. 
The increased storage will provide additional water for 
Nuuanu Valley and increase the power available a t  the 
munici a1 electric-light plant at reservoir No. 1. 
So &r as the furtherance of the Hillebrand Glen 

project was concerned, the problem of paramount 
lmportance to the commission was the determination of 
the amount and distribution of the seasonal stream flow 
of Maole Stream at  the proposed oint of diversion. 

rainfall and run-off in Hillebrand Glen and the relation 
between the rainfall in the glen and in Nuuanu Valley 
proper, where records of rainfall for 27 ears had been 

2 and 3). 

Other considerations involved were t E e relation between 

collected by the United States Weather B ureau. 

The water commission installed for ita investigation a 
weir gaging station equi ped with a Stevens continuous 

distributed in 
the glen at  different elevations (y 17. Two of them, 
ages Nos. 1 and 2, were furnished y the United Statea 

keather Bureau and were read daily. Raingage No. 3 
was read weekly. 

Table 1 shorn discharge in million gallons per day of 
Maole Stream, in Hillebrand Glen, from May 23, 1916, to 
January 31,1917, obtained from the wateratage recorder. 
Tables 2 '  and 31 are weekly and monthly summaries, 
respectivoly, of the rainfall records obtained in Hillebrand 

water-stage recorder an B three rainga 

FIG. 1.-Map showing location of Eillebrand Qlen in Nuuanu Valley, and locatlm of 
rainIall(.) and stream gamg (0) statlons. 

Glen and in Nuuanu Valley proper from June to December 
1916, by the water commission. Each record has been 

about as satisfactory as a 

dehed storms have been compiled in Table 4,' which ie 
1 Tables 1-5 inclusive, have been omitted, as their information seems sulliokntly ' 

presented by the diagrams herewith.-Emroa. 



.M. W. R., April 1917 

NO. a. 

FIG. 2.-Eillebrand Glen from trail leading from Reservoir No. 2 in Nuuanu Valley. 
X shows location of Hillebrand Glen raingage No. 1. 

. , 1  

[Faclne page 178. 

FIG. 3.-General view downstream from below weir gaging station, showing Hillebrand 
Glen merging into Nuuanu Valley. Hillebrand Glen raingage No. 1 in foreground. 
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FIG. ~.-Hydrogmm of t m l  flood perlods, Maole Stream, Hillehraad Wen, December, 1916. 

0.5 1 .o 1.5 2.0 2.5 3.0 3.5 ' 4.0 
RUN-OFF IN MILLION GALLONS 

F I ~ .  6 . 4 u r v e a  ofrelation between rainfall and run&, mebrand ales Nuusnu Valley. Rainfall from rainga e No. 2; run-ofl from weir-gaghg statim (Stevens reomlor); 
plotted polnts ripresent mean valuea for pert& ofseveera5days. 

A=Storms preceded by period of very 
B-Storms preceded by period of ve & shower;. 
C-Storms preceded by Mod of m g m t e  wedpitahon: 

weather- 
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based on a h &graph com arison of the flow of Maole 

raingage No. 2 (see Sg. 4). 
Rgure 5, which has been re wed from Table 4, shows 

t ical relation curves A, I$ Z a n d  D (D') between rain- 
fz and run-off in Hiliebrand Glen applicable for storms 

Stream and t 1 e ramfall in dllebrand Glen recorded by 

eriods of dry weather or periods of light, 
precipitation. T h e  curves are in gen- 

in position according to the prevlous 

0 
0 1 0  20 30 
PERCENT OF NUMBER OF DAYS RECORD 

Fio. B.-Variatbn in rainfall during the period June 1 to December 31,1916 (245 days). 

saturation of the soil. It will be understood that an id- 
nitenumber of relation curves might be drawn to satisfy 
all ossible degrees of soil priming. 

$able 5 shows the variation in rainfall from June 1 to 
December 31, 1916, and the number of days on which 
the rainfall was above stated amounts. Figure 6 shows 

1 Tablm 1-6 fnolusiw, have been omitted, 8s their informath seanu sufedently 
pw#prted by h e  -nu herdth.-Emo& 

Amm, 1917 

these data in graphic form. It will be observed that the 
daily rainfall was 1.5 inches or more for less than 6 per 
cent of this period of 245 days. It averaged less than 0.5 
inch for the entire eriod. 

rainfall computed from relation curves developed from 
records obtamed from June 1 to December 31,1916. Too 
few heav storms occurred during this seven months e- 

D' shows another possible relation or storms of class D.  
TABLE l.-Relation btween rainfall and run-of, Hillebrand Glen, 

Nuwnu Valley. 
[Dralnage area at weir gaging station, 0.3 square mile.] 

Table 6 (here Ta g le 1) shows the per cent of run-off to 

8 nod to (9 e h e  curve D aa definite1 as curvesB an C. 9 

-I- I-I-I-I-I-I-1-1-1-1- 

I I I 1 I I I I I I I  
NOTE.-RUII-O~~ values were obtslned from relation c u r m  developed from rainfall 

and runoff during period June to December, 1918. (See flg. 5.) 

From Table 1 it is seen that the run-off factors for 
Hillebrand Glen for the period June 1 to December 31, 
1916, varied from practically nothin to about 35 per 

previous degree of saturation of the soil. The mean 
average run-off is 20 per cent. 

The period covered b this investigation has been very 

cent, according to the intensity of t ph e storm and the 

short and the work s g odd be continued for a longer 
the run-off for periods of 

of the run-off from Hillebrand 
run-off records obtained 

to date and the long-time records of rainfall from. 
Luakaha. 

The rainfall month1 normals for Lower Luakaha cover 

Luakaha cover a period of 12 years-from 1905 to 1916. 
They are aa follows: 

Normal monthly raiigall in Lwkaha Valley. 

a period of 27 years- s rom 1890 to 1916; those for Upper 

January.. ........................................................ 
February.. ....................................................... 
March.. .......................................................... 
A rll ............................................................. 
June.. ............................................................ 
July .............................................................. 
August.. ......................................................... 
September.. ...................................................... 
October.. ......................................................... 
Novemb er... ..................................................... 
December ........................................................ 
Ye ar... ........................................................... 
Average monthly ................................................. 

I&. ............................................................. 

From the "avera e monthlyJJ normals it is found that 
rainfall at U per fuakaha is 109 per cent of that at 
Lower Luak 2 a, a relation which agrees closely with that 
obtained from weekly rainfall records for June to Decem- 
ber, 1916 (see Table 2*>. For that r r i o d  the precipita- 
tion recorded at ga e No. 2 in Hille rand Glen, was 103 
per cant of Lower E uakaha. The normal monthly rain- 

Inckd. 
11.72 
lo. OB 
12.37 
13.90 
l.5.50 
11.88 
11. 12 
13.80 
14.53 
10.48 
14.99 
17.18 

InCk8. 
9.88 

11.88 
13. 80 
13.02 
11.78 
9.95 

la P 
11.95 

l3.U 
14. bo 

io. 61 

io. a 
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%: 

Fret. 
802.28 

-0.05 
-0.08 
+0.72 
-0.41 
+1.74 

fO.0 
-0.3 

fall for Hillebrand Glen would be 11.97 x 1.03 = 13.33 
inches. 

Actual run-off determination made by the water coni- 
mission from June 1, 1916 to January 31, 1917, are as 
follows: 

Monthly nmofin rnill.iCm gallons, June, 1916, to January, 1917. 

June ......................................................... 5.12 
July ........................................................ 6.83 
August ...................................................... 14.46 
September ................................................... 7.56 
October ..................................................... 14.60 
November .................................................. 22.66 
December .................................................... 37.56 

January ...................................................... 19.92 

1916. 

1917. 

% 
Huron 

Fed. 
w . 7 s  

+0.35 
+O.S8 
+a63 
-2.45 
+1.56 

+O.? 
-0.3 

Total, 245 days. ...................................... -128.68 
The average dail run-off = 0.53 million gallons, or 

530,000 gallons per L y .  
The total rainfall recorded by raingage No. 3, in Hille- 

brand Glen, June, 1916, to January, 1917, was 113.93 
inches, or 0.46 inch per day. This quantity corresponds 

0.46 to astorage of 5,380 x 5,980 x 0.3 x 7.4Sx-- =2,400,000 12 
gallons per day. 

The per cent of actual run-off to ac.tual rainfall for t,liis 
8-nionth period was 
This result agrees reasonabl with the average ratio de- 

curves (see fig. 5). 

530,000 - ,,9 per rent. 2,400,000- 

rived froni a consideration o P the rainfall-run-off relation 

1 0 2 2 9 6 - 1 7 4  

Twenty-two per cent of 13.33 inches or 2.71 inches 
would be the average run-off per month, or 2.71 feet per 
year from Hillehrand Glen. This would amount to 
170,000,000 gallons er year storage, or 465,000 gal- 
lons per day (0.46 rn&ion gallons per day). 

XEAN LA= LEVELS DWWG APRIL, 1917. 

By UNITED STATES LAKE SURVEY. 
[Dated: Detroit, bfich., May 7, 1917.1 

The following data are reported in the Notice to 
Mariners of tlie above date: 

- 

Data. 

_-___ 
Noan level durlng A ril 1917: 

Above mean seakvei at New York ............. 
AbOre or tJdOW-- 

Mesn stage of March. 1917.. ................ 
Mean stage of April. 1Plrj.. ................. 
Average stage Ior April, last 10 years.. ...... 
Highest recorded April stage.. .............. 
Lowest recorded April stage ................ 

March level. .................................... 
Yay level.. ..................................... 

Average relation 01 the April level to- 

Lakes. 

Erie.* 

- 
Fed. 

572.57 

+I. 04 +o. 12 
+O. 16 
-1. 61 
+l. 31 

+O. 6 
-0.4 

On- 
tarlo. 

- 
Feet. 
246.24 

+LO7 
-0.16 
-0.14 
-2 19 
+l. 40 

+o. 5 
-0.5 

*April, 1916, level of Lake St. Clair was 575.21 feet. 


